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[571 ABSTRACT

A shaft slides within a tube. A relatively high-rate leaf
spring is positioned to exert its force against the outer
surface of the shaft. The leaf spring provides optimal
sliding force between the shaft and the tube with mini-
mum friction, while also functioning to minimize rota-
tional lash. Indents located on the exterior surface of the
tube are directed radially inward to further minimize
rotational lash. .

"4 Claims, 2 Drawing Sheets
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1
EXTERNALLY SPRING-LOADED SLIP SHAFT
This invention relates to a portion of a steering col-

umn assembly for use in automobiles; more particularly,
it relates to the intermediate shaft which connects the

lower portion of the steering column, attached to the

steering wheel, to the steering gear.

Prior art patents disclose structures which combine a
spring mechanism with mechanical parts designed to
hold the steering column in a neutral position. An exam-
ple of this type of prior art is included in U.S. Pat. No.
2,883,878 for a “Motion Transmitting Mechanism™ is-
sued in the name of Lowell V. Landgreen on Apr. 28,
1959. Other prior art patents disclose coil springs used
to hold balls in positional notches on the outer surface
of a sleeve in order to maintain a desired axial position-
ing of the steering wheel. An example of this type of
prior art is disclosed in U.S. Pat. No. 3,773,137 for a
“Safety Steering Gear For Automotive Vehicles” is-
sued in the name of Angel Navarro Escudero on Nov.
20, 1973. Other examples of the prior art are disclosed in
the following:

(1) U.S. Pat. No. 4,649,769 for a “Tilt-Telescope

Steering Column” issued in the name of Frederick
D. Venable on Mar. 17, 1987. Venable discloses
two steering column members which may be tele-
scoped relative to each other. One member is bi-
ased vertically relative to the other member by a
spring acting against a snap ring (see FIG. 1).

(2) U.S. Pat. No. 4,563,912 for a “Telescoping Polyg-
onal Steering Column” issued in the name of Kevin
B. Parks on Jan. 14, 1986. Parks discloses a tele-
scopic arrangement between two shafts in which a
spring provides axial bias for a preload collar
which provides engaging force between ramps 30
and wedges 22 and 23 (see FIG. 1).

(3) U.S. Pat- No. 3,318,170 for a “No-Lash Axially
Movable Steering Column” issued in the name of
Dean E. Runkle on May 9, 1967. Runkle discloses
two telescoping shafts, with the inner hexagonal
shaft sliding in a matching hexagonal bore through
the outer shaft. A compression spring provides
opposing axial bias for two ring-and-ball assemblies
whereby the balls transmit a predetermined pre-
load to the shafts to eliminate torsional lash be-
tween the shafts and obtain a nonvarying sliding
friction between the shafts.

(4) U.S. Pat. No. 3,302,478 for an “Adjustable Steer-
ing Column” issued in the name of Edward M.
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Pauwels on Feb. 7, 1967. Pauwels discloses an -

axially movable shaft with an interior bore which
slides over a fixed shaft sized to mate with the bore.
A compression spring provides axial bias to a lock-
ing ring to urge the ring toward its locking posi-
tion.

Even better prior art is disclosed in U.S. Pat. No.
4,535,645 for a “Vehicle Steering Sub-Assembly” issued
in the names of James De Bisschop, Anthony A. Neri,
arid Thomas J. Williams on Aug. 20, 1985, and assigned
to The Torrington Company. De Bisschop et al disclose
a triangular shaft which makes a sliding fit with a tubu-
lar member having a matching configuration. A flat
spring (see FIGS. 3-5) controls the tension between the
shaft and the tubular member, and is positioned in a
groove in the outer surface of the shaft so as to make
sliding contact with the inner surface of the tubular
member.
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One of the main problems with the prior art is that the
flat spring exerts its control force against the inner di-
ameter surface of the outer tubular member. This sur-
face is often uneven and irregular because of the way
the tubular member is manufactured. This inner surface
may contain seams from joint welds, for example. This
relatively rough surface prevents the flat spring from
controlling the slip force between the inner and outer
members as well as it could otherwise. The slip shaft of
the present invention overcomes these problems with a_
leaf spring which is oriented so as to exert its control-
ling force against the outer diameter surface of the inner
shaft. This inner shaft is usually manufactured very
differently from the outer tubular member discussed
above. The inner shaft is typically formed by drawing it
through a die. This type of process would result in a
relatively smooth outer surface on the shaft. With the
leaf spring pressing against this relatively smooth sur-
face, the ability of the spring to control the slip force
between the inner and outer members is greatly en-
hanced. This configuration allows the utilization of a
spring having a relatively higher spring rate than in the
prior art. As a result, the rotational lash is minimized
while the slip force between the inner and outer mem-
bers is kept as low as possible. The slip shaft of the
present invention also reduces the problems of the prior
art by the use of multiple indents in the outer surface of
the outer tubular member. These indents are oriented
radially inward so as to press against the outer surface
of the inner shaft, thereby further minimizing rotational
lash between the two members.

Briefly described, the externally spring-loaded slip
shaft of this invention comprises an outer tubular mem-
ber and an inner coaxial shaft member which makes a
sliding fit inside the tubular member. A relatively high-
rate leaf spring is positioned so as to exert its force
against the outer surface of the inner shaft, and means
are provided for reliably holding the leaf spring in this
position. This leaf spring provides optimal sliding force
between the two slip shaft members with minimal fric-
tion, while also functioning to minimize rotational lash.
Indents located on the exterior surface of the outer
tubular member are directed radially inward to further
minimize rotational lash. .

This invention may be better understood by reference
to the following detailed description and drawings in
which:

FIG. 1 is an isometric view of the preferred embodi-
ment of the slip shaft of the present invention;

FIG. 2 is a side elevational view, partially in section,
of the slip shaft shown in FIG. 1;

FIG. 3 is a cross-sectional view of the slip shaft in
FIGS. 1 and 2, taken along line 3—3 in FIG. 2; and

FIG. 4 an enlarged fragmentary view of an alternate
embodiment of the slip shaft.

Referring to the drawings, and more particularly to
FIG. 1, a slip shaft assembly 12 comprises a first mem-
ber or an inner shaft 14, a second outer tubular member
16, a leaf spring 20, and a spring retainer 22. The first
shaft member 14 is concentric and coaxial with second
tubular member 16 so as to make a sliding fit with the
inner surface of second member 16. Shaft 14 is typically
manufactured by being drawn through a die. This re-
sults in a relatively smooth outer surface 15 having a
minimal number of surface irregularities. Conversely,
the second tubular member 16 is typically manufactured
by methods which have much higher tolerances than
the methods used for shaft 14. The inner surface of
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second member 16 is therefore typically very rough,
with many more irregularities than the outer surface of
shaft 14. Weld seams and mechanical forming perturba-
tions are examples of the types of irregularities one
could expect to find on the inner surface of second
member 16.

Leaf spring 20 is positioned in an aperture 18 formed
in the top surface (as depicted in FIGS. 1-3) of second
member 16. Aperture 18 has peripheral edges 17 which
encircle leaf spring 20. As best seen in FIGS. 2 and 3,
leaf spring 20 makes contact with the outer surface of
shaft 14 in two places. Spring 20 has a protuberance 25
projecting radially outwardly from its top surface. Pro-
tuberance 25 cooperates with an aperture 26 in spring
retainer 22 to help keep spring 20 and retainer 22 in a
fixed relative position. The tension between spring 20
and shaft 14 at the two contact points is controlled by
the sizing of the spring retainer 22. As the circumfer-
ence of retainer is made smaller, the tension increases;
on the other hand, the tension decreases as the circum-
ference increases. Spring retainer 22 is sized to provide
a tension which ensures a smooth sliding fit between
shaft 14 and tubular member 16 with minimal friction.
At the same time, the tension also minimizes rotational
lash between shaft 14 and member 16. Since the reduc-
tion of rotational lash requires increased spring tension,
and a smooth sliding fit between shaft 14 and member 16
is enhanced by less spring tension, retainer 22 is sized to
provide a tension which provides an optimal trade-off
between these two factors. It is important to note that
the reduced friction between leaf spring 20 and the
outer surface of shaft 14 allows the use of a higher rate
spring which is stiffer and provides less rotational lash
than the prior art with about the same amount of sliding
friction. Another feature which assists in minimizing
rotational lash is the addition of multiple indents 24 in
the outer surface of tubular member 16. Indents 24 are
directed radially inward so that the inner surface of
member 16 makes contact with the outer surface of
shaft 14 at the location of each indent 24.

As illustrated best in FIG. 3, the cross-sectional con-
figuration of shaft 14 is somewhat wedge-shaped in
order to help minimize the rotational lash problem be-
tween shaft 14 and tubular member 16. This configura-
tion is an improvement over cross-sections which have
parallel opposing sides. In addition, this cross-sectional
configuration is much easier to manufacture than the
triangular cross-section disclosed in U.S. Pat. No.
4,535,645 to DeBisschop et al.

Turning now to FIG. 4, an alternate embodiment of
the present invention is illustrated. The first shaft mem-
ber 14 and leaf spring 20 are the same as those shown in
FIGS. 1-3. The second tubular member 16 is almost the
same, except for the peripheral edges 17 of aperture 18
shown in FIG. 1. There is no spring retainer, such as
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retainer 22 in FIG. 1; instead, peripheral edges 19 of
aperture 21 in FIG. 4 are staked in four places, as shown
at 23, in order to hold leaf spring 20 in position and
provide the optimal tension between spring 20 and shaft
14.

We claim:

1. For use with a steering column intermediate shaft,
a slip shaft assembly comprising:

a first member having an elongate configuration and

a relatively smooth outer surface;

a second member having a generally tubular configu-
ration with an inner surface and an outer surface,
said second member being concentric and coaxial
with said first member so that said inner surface
makes a sliding fit with said outer surface of said
first member;

a leaf spring providing spring tension against said
outer surface of said first member so as to minimize
rotational lash between said first and second mem-
bers while reducing sliding friction between said
first and second members; and

means for positioning said leaf spring against said
outer surface of said first member comprising an
aperture in said second member, said aperture hav-
ing peripheral edges and being sized to accomodate
said leaf spring, said aperture edges being formed
to provide retention means for said leaf spring.

2. A slip shaft assembly according to claim 1 wherein

said aperture edges are formed by staking.

3. A slip shaft assembly according to claim 1 wherein
said outer surface of said second tubular member has
one or more indents directed radially inward to further
minimize rotational lash between said first and second
members.

4. For use with a steering column intermediate shaft,
a slip shaft assembly comprising:

a first member having an elongate configuration and

a relatively smooth outer surface;

a second member having a generally tubular configu-
ration with an inner surface and an outer surface,
said second member being concentric and coaxial
with said first member so that said inner surface
makes a sliding fit with said outer surface of said
first member;

a leaf spring, said second member having an aperture
sized to accomodate said leaf spring;

a spring retainer surrounding said leaf spring and said
second member and adapted to provide proper
tension between said leaf spring and said first mem-
ber outer surface, said spring retainer having an
aperture, said leaf spring having a protuberance
projecting radially outwardly into said spring re-
tainer aperture.

* * * * *



